We consider the nematiclike system of polymer liquid crystal ͑PLC͒ macromolecules represented by the Flory semiflexible chain model. Segments of the flexible ͑F͒ spacers are shorter than the LC hard-rod sequences. We investigate effects of imposition of external deformations. The behavior of LC sequences is largely governed by orienting interactions while for F spacers the short-range interactions determined by the chemical structure are the most important. The stress-strain relation is obtained in addition to the orientation-deformation relations. Orientational order phase transitions caused by the external deformations of the system are recognized and described.
I. INTRODUCTION
To provide a perspective on the theoretical model described below, let us survey first the existing approaches for dealing with liquid crystal ͑LC͒ systems. One can distinguish two classes of theories.
͑1͒ Microscopic statistical theories which start from a definition of the distribution function of internal states of the system: Seminal for this approach is the work by Flory on lyotropic monomer liquid crystals ͑MLCs͒, 1,2 Maier and Saupe's molecular mean field approach for the thermotropic system of hard rods, 3, 4 and the Onsager theory for the lyotropic system of very long hard-rod macromolecules.
5
͑2͒ Phenomenological continuum theories which start from a modification of the general formula of the Helmholtz function with respect to a deviation from the spherical symmetry of the system particles: This approach has been initiated by Oseen, 6 Zocher, 7 and Ericksen. 8 There is also a related method of Bresler and Frenkel 9 for long wormlike macromolecules. Here the Helmholtz function for a small part of the long molecule is assumed to be a series expanded over components of the curvature radius of this part. The expansion coefficients describe the molecule stiffness. The total Helmholtz function for every whole molecule is a sum of these small contributions.
The Onsager theory 5 takes advantage of a general method of the virial expansions. However, the virial calculations are cleverly modified with respect to the shape of the hard-rod macromolecule. The results are in good agreement with experiment for systems of long and stiff hard rods such as the tobacco mosaic virus. The basic parameter governing the isotropic-to-nematic ͑IN͒ transition is the concentration of hard rods . This situation is indeed characteristic for the lyotropic MLCs.
Flory in his original lattice theory 1,2 represents an oriented hard rod at an angle ͑smaller than 45°͒ with respect to the system nematic axis as a sequence of the lattice cells 10 arranged along a straight line. The length of the rod is not restricted to high values-an advantage over the Onsager approach. An ingenious method of calculation of the number of such conformations allows the calculation of the probabilities of internal states of the system of rods. Two hard rods a priori cannot belong to a single cell. Thus, the excluded volume effect for hard rod interactions is incorporated naturally. While the NI transition depends on , this dependence is different from that obtained by Onsager. Nevertheless, both theories describe lyotropic systems where the nematic phase formation is governed mostly by the hard rod concentration.
Incorporation of thermal effects into the Flory theory has been proposed by Flory and Ronca in Ref. 10 who used Maier and Saupe's molecular mean field approach for LCϩLC interactions. This makes possible an extension from MLCs to polymer LCs ͑PLCs͒; see below.
In Maier and Saupe's theory of thermotropic MLCs the main role in the NI transition is played by potential interactions between hard rods, which in turn are strongly dependent on the system temperature T. In this approach the interactions between hard rods are replaced by interactions between hard rods and a molecular mean field. The problem will be discussed more in details in Sec. II.
An extension of Flory and Ronca's theory for thermotropic PLCs has been developed by Matheson and Flory, 11 and then used further by Jonah, Brostow, and Hess.
12 According to Ref. 12, the concentration of hard rods is much more important for the nematic phase formation than the system temperature. Therefore, we have decided to extend the thermotropic Maier-Saupe theory of MLCs to the PLC systems in which the nematic phase formation depends primarily on the system temperature. [13] [14] [15] [16] Moreover, the model developed in Refs. 13-16 allows inclusion of external deformations. This can be done via the system volume V as well as via the end-to-end distance vector r of the chains in the system. This is especially important for isochorically deformed systems with a change of the system shape under deformation when r is varied while V remains constant. Other theories named here do not offer such a possibility because they do not involve r as a parameter.
To complete our survey, we need to also include theories of block copolymers. 17 The macromolecule is modeled by a system of N centers with a single distance ᐉ between neighboring centers in the sequence numbered from 1 to N; N is the degree of polymerization. N and ᐉ parameters are not precisely defined. 18 Short-range interactions are imposed on an originally freely jointed system. The centers can be of several types. Interactions are assumed to be of the excluded volume type; thus, the specific volume is represented by a constant characterizing all short-range interactions in the macromolecule. A phase ordering can be considered only in terms of periodicity of positions of the center. It must be pointed out that the block copolymer model under discussion is not a simple extension of the Kuhn chain model of freely jointed segments such that the chain is a statistical representation of the real polymer molecule. 19 In this case the Kuhn segment is a priori assumed to be phantom object connected to free joints in the chain structure. Therefore, any additional short-range interactions imposed on the chain joints make no sense. The segment length ᐉ and the segment number N give a full characteristic of the Kuhn chain. In obvious notation, these quantities are related as follows: r real max ϭr Kuhn Since we are interested in orientational order-essential for nematics and other anisotropic structures-the block copolymer model is not usable for our purposes.
The present paper deals with the following question: how do properties of thermotropic PLCs change under an external deformation? Our model described below deals among others with the local orientation, deformation characteristics, and orientation-deformation relations.
II. THE MLC MODEL USED
Since our model of PLCs is based on that of MLCs, we first survey the latter. A schematic representation of the MLC system of hard rods is provided in Fig. 1 . The nematic axis is oriented along the director-a direction of predominant aligment of the hard rods. The probability of parallel and antiparallel orientations with respect to the director is the same and the system has rotational symmetry.
Potential interactions between hard rods are temperature dependent, in addition to their dependence on relative arrangement and orientations. Thus, an exact calculation of the system partition function and then the Helmholtz function is impossible, a typical fundamental difficulty for the manybody systems. Among various methods used to simplify the problem is Maier and Saupe's molecular mean field approach.
3, 4 Maier and Saupe ͑MS͒ assume that the most significant for behavior of a given hard rod is its nearest vicinity called a coordination sphere. They focus on properties which result from orienting interactions between hard rods. Therefore, the radius of that sphere is less important and assumed to be constant, namely equal to the average distance between centers of nearest hard rods. The problem is solved in the limit of the quadrupole expansion of attractive interactions between hard rods, involving the Coulomb interactions between deformed electron clouds. Then, using the Legendre polynomial expansion method, MS obtain orientational energy u LC per liquid crystal hard rod in the following form:
Here the minus sign pertains to attractive interactions and h is the angle between the director and the hard rod. u h is equal to C/v 2 where v is the specific volume per hard rod and C is a potential constant proportional to the coordination number and related to the system thermal properties; C is expressed in kT units. s h is equal to the average value of the second Legendre polynomial ͗P 2 ( h )͘ over hard-rod directions.
The system total orientational energy is
where the factor 1 2 takes care of the double summation over hard-rod pairs 4 and N h is the total number of hard rods. The system total energy is 4 U MLC ϭU iso ϩU LC , ͑3͒ where U iso is the energy in the isotropic state and is independent of s h . In general, U iso depends on V and/or T where V is the system volume. Using the Gibbs formula 20 we can express the internal probability density MLC as follows:
The system entropy S MLC is
The Helmholtz function A MLC is defined by the standard equation A MLC ϭU MLC ϪTS MLC so that using Eqs. ͑2͒-͑5͒ we obtain Maier and Saupe's formula for A MLC :
A criterion for the IN phase equilibrium requires two global minima with respect to s h with the same values of A MLC .
Maier and Saupe recognized the pair s h ϭ0 and s h ϭ0.43 as satisfying this criterion for u h equal to 4.54. We shall return to this criterion later on.
III. MAIN FEATURES OF THE PLC THEORY
A schematic representation of the PLC chains is shown in Fig. 2 . Rigid LC sequences and flexible spacers are alternately connected in a linear chain forming a longitudinal PLC according to the classification developed by one of us 21, 22 and amplified by Hess. 23 That is, the rigid LC sequences are found in the main chain and are oriented along the chain backbone and separated by flexible spacers. The number of chains is N ch . We use the vector representation shown in Necessarily, the behavior of constituents of the PLC chain system depends on internal potential interactions. Using the Gibbs formula 20 the internal probability density which replaces Eq. ͑4͒ for the MLCs now is
where Q labels all variables needed for description of the system internal states. In general, the potential energy u PLC (Q) expressed in kT units has the form
where u LC (Q) is the potential energy of interactions between elements of the LC part of the system, u F (Q) that between elements of the F part, and u FϩLC (Q) between F and LC parts. Thus, PLC in Eq. ͑7͒ can be factorized in obvious notation as follows: PLC ϭ LC F FϩLC . In consequence, the Helmholtz function A PLC , defined analogically as that for MLC in Eq. ͑5͒, takes the form
We neglect long-range interactions inside and between flexible spacers, and between flexible spacers and LC sequences; this is because of the representation of flexible spacers by the chain of freely jointed Kuhn segments. As discussed in Sec. I, each segment is a phantom element, with its length determined by short-range interactions within the F part. For the same reason we neglect in u F (Q) and u FϩLC (Q) the longrange interaction contributions. In all integrations the part of the energy pertaining to connections of F and LC sequences via freely rotated joints in the PLC chain will be represented by the Dirac deltas. That part of the energy is constant and independent of the chain conformations. Hence, A F ϩA FϩLC is equal to ϪTS F ϩconst. where S F is the entropy of the flexible part of the system; Eq. ͑9͒ takes the form
Here S F is calculated using the formula S F (ĥ *,r) is the entropy per flexible part of the PLC chain with fixed orientations of all hard rods ĥ * and the end-to-end distance vector r also fixed. Then the entropy S F (ĥ *,r) is averaged over values of ĥ * and r. The required ͗S F (ĥ *,r)͘ ĥ * ,r is obtained as follows: The entropy S F (ĥ *,r) is equal to k ln P F (ĥ *,r), where P F (ĥ *,r)
is the probability for all conformations of the Kuhn segments belonging to the flexible F part of the chain. This probability is defined as
where ͑ĥ *,r͒ is the number of conformations realized with fixed values of parameters ĥ * and r; is an analogous number for freely varied parameters. The latter is proportional to the following integral:
where the Dirac deltas imposed on the integral variables are related to the constraints imposed on the chain shown in Fig.  3 . The distribution function (c j ), where c j is the end-to-end distance of jth flexible spacer and j is the runing index over all sequences, is the density of the probability function of the c j values; (c j ) is a result of the LCϩLC interactions. The number is defined by ϭ ͵¯͵ ͑ĥ *,r͒dĥ *dr.
͑14͒
In the Maier-Saupe limit of the LCϩLC interactions the function (c j ) is constant because the LC sequences can be shifted freely in the molecular field. Thus, there are no preferences for the c j values and P F (ĥ *,r) is of the following form:
where wϭrϪ h ͚ jϭ1 n h j * . The function P r c (w) is the random walk probability that in r c random walk steps of a constant length the distance vector w is covered. Consequently, the entropy S F (ĥ *,r) is equal to k ln P r c (w) and Eq. ͑11͒
acquires the form S F ϭN ch k͗͗ln P r c ͑ w͒͘ w ͘ ĥ * .
͑16͒
In general, a result of averaging over w can depend on ĥ *;
hence the double averaging in Eq. ͑16͒.
In the limit of Maier and Saupe's theory our Helmholtz function A LC in Eq. ͑10͒ becomes equal to A MLC in Eq. ͑6͒, as required. A PLC can now be rewritten as A PLC ϭA MLC ϪN ch kT͗͗ln P r c ͑ w͒͘ w ͘ ĥ * .
͑17͒
Calculation of the average ͗ln P r c (w)͘ w . Until now we have used Maier and Saupe's molecular mean field approximation for the LCϩLC interactions. As discussed, the Kuhn segments belonging to the F part of the PLC chain can rotate quite freely because of the free parallel shift of LC sequences in the molecular mean field. The simplification was necessary for obtaining the Helmholtz function in Eq. ͑17͒. The result has physical sense as long as we do not calculate the average ͗ln P r c (w)͘ w assuming that the Kuhn segments are free to rotate. The assumption of free rotation in calculation of ͗ln P r c (w)͘ w would lead to a physically unreasonable result that the presence of flexible spacers does not modify properties of the PLC in comparison with the MLC. We keep in mind that a model which makes calculations possible can be justified as long as it provides reasonable results. Therefore, for the calculation of ͗ln P r c (w)͘ w we abandon the Maier-Saupe limit in favor of the Flory affine deformation hypothesis 25 -used further and well explained by Mark.
-29
The Flory hypothesis is essential in his theory of rubber elasticity. [25] [26] [27] [28] [29] One assumes that a deformation of the vectors r caused by the system external deformation is the same for all chains. In other words, an average mechanical homogeneous field related to an external deformation is imposed on the system so that rϭLr 0 , where r 0 labels r in the undeformed state and L is the left Cauchy-Green deformation gradient. Thus, the number of chains belonging to a group with a chosen r value is an invariant with respect to the system deformation; this situation is shown in Fig. 4 . Therefore, the average ͗g(r)͘ of a function g(r) calculated using the probability P(r) in deformed state is equal to the average ͗g(Lr 0 )͘ 0 calculated in terms of the probability P 0 (r 0 ) in the undeformed state.
The Flory rubber elasticity theory uses the model system which consists of flexible chains, while we deal with PLC chains which consist of F and LC sequences. Thus, the probability P(r) is replaced by P(r;ĥ *) in the case of fixed ĥ *.
The undeformed state is chosen as that without an external deformation and without deformation of LC particles. Thus, the LC sequences can shift freely-as they do in Maier and Saupe's molecular field approach. This way we can calculate the probability P 0 (r 0 ;ĥ *) using Eq. ͑12͒ with a constant function (c j ); we obtain 
n h j * . Consequently, we can write ͗ln P r c ͑ w͒͘ w ϭ͗ln P r c ͑ w͒͘ w 0 ,
͑19͒
where the average ͗ln P r c (w)͘ w 0 is calculated in terms of probability P r c (w 0 ) and
and 1 is the unit matrix. We use two factors ⌳ and to determine L via the relation Lϭ⌳. ⌳ represents the LCϩLC orienting interactions and has been calculated in Ref. 16 while is the external mechanical deformation. Evaluation of the effects of on the system properties is our key objective. Components of the vector ⌳ are defined as
where r x , r y , and r z are components of the vector r, while r x0 , r y0 , and r z0 are components of the vector r 0 . As seen in Fig. 3 , the vector r is the sum of appropriate elements:
In the undeformed state rotations of both h j0 and r ci0 are free. In general, for interacting LC particles rotations of vectors h j and r ci are hindered. In Maier and Saupe's approximation the rotation of h j is hindered whereas the rotation of r ci is free. Hence, using Eqs. 
To maintain the system nematic symmetry we have to assume x ϭ y . We can assume that the chain representing the PLC macromolecule is long. Thus, the number r c is large enough to represent the function P r c (w 0 ) by the Gaussian probability: 30 P r c ͑ w 0 ͒ϭ͑ 3/2r c ͒ 3/2 exp͑Ϫ3w 0 2 /2r c ͒. ͑27͒
In this case we have
and the term ͗͗ln P r c (w)͘ w ͘ ĥ * in Eq. ͑17͒ is
Thus, the function A PLC in Eq. ͑17͒ is
where the deviation ⌬A F of A PLC from A MLC , caused by inclusion of flexible spacers between LC hard rods in the system of PLC chains, is
with A MLC given above in Eq. ͑6͒. 
IV. PHASE EQUILIBRIA
where
͑35͒
For ϭ0 Eq. ͑34͒ reduces to the self-consistency equation obtained by Maier and Saupe; 4 we recover their two solutions, s hI ϭ0 and s hII ϭ0.43, while Eq. ͑33͒ gives u h ϭ4.54.
As discussed before, ϭ0 is related to c tending to infinity and formally to h ϭ0. However, h ϭ0 does not have a physical sense when we consider a PLC; c tending to infinity means that the system has very long flexible spacers which would be weak constraints for the LC orientations. In general, solutions of Eq. ͑34͒ depend on values of the parameters involved. For the externally undeformed systems, x ϭ y ϭ z ϭ1, the solutions have been obtained in Ref. 16 . We have then predicted an equilibrium of anisotropic and isotropic phases; the I phase is always present in the system in equilibrium.
For externally deformed systems the I phase vanishes. To show this, consider small values of s h for which the Ã PLC function is
and the SCE gives us
There is only one solution for s hI ϭ0 and x ϭ y ϭ z ϭ1. For deformed systems Eq. ͑37͒ does not have a solution for s hI ϭ0; the function Ã PLC necessarily has a minimum at s hI 0. This means that under the external deformation the isotropic I phase converts into an anisotropic one.
To obtain solutions of Eq. ͑34͒ for the s h values far from zero, we need a numerical method. For each numerical solution, the function Ã PLC is tested for the presence of a minimum. u h is obtained using Eq. ͑33͒ for various combinations of the parameters involved. Consider the isotropic and isochoric uniaxial deformation for which x ϭ y ϭ1/ and z ϭ, where is as before the ratio of the uniaxial elongations. We shall use the Flory lattice theory parameters: the LC concentration defined by the equation ϭ h /( h ϩ c ) and as a measure of the strength of LCϩLC interactions the characteristic temperature T*. In these terms, the parameter u h is then 16 u h ϭ h T*/T ͑38͒ while ϭ h /͑1Ϫ͒. ͑39͒
Equations ͑38͒ and ͑39͒ enable us to calculate in terms of the parameters , h , and T*.
Starting with Fig. 5 , we show some orientational and thermal parameters as functions of for nϭ100 and for two values of h equal to 2 or 20. We recall that the length of h is measured in the Kuhn segment length which depends on the chemical structure of the flexible spacer. 19 For example, the segment length which is representative for the spacer with prevailing trans conformations is not the same as for prevailing gauche conformations. 19 In general, Eq. ͑34͒ has two solutions, s hI and s hII , for various sets of parameters. In Fig. 5 we show a dependence of s hI on . As seen, s hI is negative except for equal to unity for which s hI is equal to zero. This means that the system elongation causes a conversion of the I phase into the N Ϫ -type phase. The latter phase is uncommon for the MLCs for which it cannot be generated by a deformation. In Fig. 6 we show curves of s hII versus for three concentrations of LC segments. The parameter s hII in the N ϩ phase is a positive and is an increasing function of . For ϭ1 and depending on the values we have s hII Ϸ0.43. Figures 5 and 6 pertain to h ϭ2. are enhanced in comparison to the results for h ϭ2. In both cases we have a coexistence of phases N Ϫ and N ϩ in equilibrium.
The reduced temperature T NN /T* for the N ϩ -to-N Ϫ transition is shown in Figs. 9 and 10 as a function of the system elongation ratio ; this for h ϭ2 in Fig. 9 and for h ϭ20 in Fig. 10 . In both figures we observe three border lines for three values of . Below a line selected with respect to the value, we have a zone with negative s h value; above that line the values of s h are positive. The areas of these zones depend on . Figure 11 shows s h as a function of T/T* for three fixed values, namely, 1, 1.5, and 2, and for ϭ0.5 and h ϭ2.
This diagram should be considered in conjunction with the phase diagram in Fig. 9 . At the critical value of T/T* when crossing the T NN /T* line in Fig. 9 we observe a rapid change of the s h values from positive to ͑a͒ s h equal to zero for equal to 1 and ͑b͒ a negative s h for equal to 1.5 and/or 2. For equal to 1 the parameter s h is equal to naught regardless of a further increase of T/T*. In this case we observe the N ϩ -to-I transition of the first order according to the Landau classification. 21 For equal to 1.5 and 2 we find the N ϩ -to-N Ϫ transition of the same order. An inspection of Fig. 11 shows that at low temperatures the LC sequences are well oriented along the nematic axis in the N ϩ phase. With increasing values of T/T* the N ϩ phase is disoriented and at the critical value of T/T* two phases coexist: ͑a͒ N ϩ ϩI for externally undeformed system and ͑b͒ N ϩ ϩN Ϫ for the deformed one. LC units in the N Ϫ phase show an enhanced tendency to orient perpendicularly to the director. Then, with a further increase of T/T*, the phase N Ϫ becomes disordered and converts into the isotropic one. s h versus T/T* in Fig. 12 for h ϭ20 behaves similarly. Figure 12 should be considered in relation to the phase diagram in Fig. 10 . Fig. 5 ; h ϭ20. Fig. 6 ; h ϭ20.
V. FORCE OF DEFORMATION

FIG. 8. s hII vs as in
FIG. 9.
The reduced temperature T NN /T* for the N ϩ -to-N Ϫ transition as a function of the system elongation ratio for three values of ; nϭ100 and h ϭ2.
and depends on the deformation gradient directly and via a function s h (), and via the system volume V(). Hence, the deformation force for isothermal elongation along z axis is
where the derivative ‫ץ‬A PLC /‫ץ‬s h is equal to zero because of the SCF. Therefore, Eq. ͑40͒ reduces to
If the system is deformed nonisochorically, the last term in Eq. ͑42͒ does not vanish; in fact, it can be the largest term on the right-hand side of Eq. ͑41͒. Such situation is assumed in the model which has been developed for example in Ref. 31 . For an isochorically deformed system Eq. ͑42͒ reduces to
The last result is a consequence of Eq. ͑30͒ since A MLC does not depend directly on . Therefore, the formula for the reduced force per chain f ch (), which is defined by the ratio
For h ϭ0 the model of the PLC chain considered here reduces to the Gaussian chain of Kuhn segments. In this case we have ϭ0 and ⌳ ʈ ϭ⌳ Ќ ϭ1, so that f ch ()/T is equal to Ϫ1/ 2 ; we thus recover the Flory theory of rubbers elasticity. 26 The same result is obtained for c tending to infinity for which is tending to zero.
In Figs. 13 and 14 we show functions f ch ()/T* for n ϭ100, ϭ0.5 and for h ϭ2 in Fig. 13 and for h ϭ20 in FIG. 10 . T NN /T* vs as in Fig. 9 ; h ϭ20.
FIG. 11
. s h as a function of T/T* for three constant values of equal to 1, 1.5, and 2; ϭ0.5, nϭ100, and h ϭ2. For ϭ1 the system is undeformed.
At a critical value of T/T* we observe a rapid change of s h values from positive to s h equal to zero for equal to 1 and s h negative for equal to 1.5 and/or 2. For equal to 1 the parameter s h is equal to zero regardless of a further increase of T/T*. Fig. 11 ; h ϭ20. In both cases the function f ch ()/T* is an increasing one when and T/T* increase. This result seems to be reasonable for PLCs for which heating causes the chain coiling and in consequence leads to the system contraction. A different situation prevails for materials for which the thermal motion of containing particles leads to the system expansion. In PLCs we have both entropic contraction in the F part and energetic thermal expansion in the LC part. As a result of competition between these molecular mechanisms, the elongation forces can be comparable even though we have different values of T/T*; such a situation is seen in Fig. 14 for equal to 2. This type of behavior of the deformation force shows a way of modification of mechanical properties by manipulations of values of h , , T and T*.
FIG. 12. s h vs T/T* as in
The parameter T* is essential for the system characterization. Its values can be calculated in an independent experimental way from the pressure-volume-temperature ( P-V-T) measurements via an equation of state. 32, 33 We now propose a similar method where P is replaced by the deformation force f ch (). Plots of f ch ()/T vs shown in Figs. 15 and 16 can be created for various T/T* values so as to correspond to points given by experiment. These results would lead us to T* values for our model.
In consequence, values of s hI and s hII can be obtained directly as a function of T rather than the ratio T/T*. In other words, deformation force versus temperature measurements permit us to obtain complete orientational-deformationtemperature profiles for the system.
VI. GENERAL DISCUSSION
The goal of this work is to adapt the theory of thermotropic MLCs to description of deformed thermotropic PLCs consisting of the linear PLC chains. As discussed above, the main difficulty in calculations of this type are integrations over internal variables in thermodynamic functions. We deal with a very large number of particles required for the existence of the statistical system, hence very large number of integrational variables correlated via interactions of particles. Thus, more or less sophisticated simplifications in calculations form the models. We combine three simple models: ͑1͒ Maier and Saupe's uncorrelated molecular mean field to describe the LCϩLC interactions in which correlations between LCs are replaced by a correlation between LCs and the molecular mean field; ͑2͒ the Kuhn representation of F spacers; and ͑3͒ the Flory affine deformation hypothesis. Given the models used we cannot describe the system with respect to parameters characterizing the LCϩLC correlations and/or non-nematic structures. However, the theory gives a formal possibility to incorporate more refined potential interactions in the LC part as well as the long-range interactions in the F part and to take into consideration non-nematic structures. This can be done via the function (c j ). For example, for the smectic structure, the values of the c j parameter oscillate around the value of the average distance between layers. Obviously, any refinement of the model causes a rapid complication of the mathematical formalism, sometimes up to the level which can obscure their physical sense and make difficult a practical use.
FIG. 14. The reduced elongation force f ch ()/T* as in Fig. 13 ; h ϭ20. Fig. 15 ; h ϭ20.
The theory formulated for undeformed systems in Ref. 16 is extended here to include deformations. The results are obtained in terms of behavior of the Helmholtz function. In general, the system deformation can be arbitrary provided that it does not perturb the system nematic symmetry. The most significant is the conclusion that for the deformed PLCs we do not observe the I phase, whereas two anisotropic phases appear. For uniaxial and isochoric elongation these are N ϩ and/or N Ϫ . In other words, the I phase turns into the N Ϫ phase for the elongated system. The temperature of the N ϩ -to-N Ϫ transition is a function of the system elongation. The transition is of the first order in the Landau classification. 20 With further increase of the temperature, the N Ϫ phase is disordered and becomes isotropic. For PLCs the deformation force affects a competition between energetic and entropic internal mechanisms. As a result, there is an increase of the deformation force with an increase of the system elongation and temperature. This is characteristic for nonliquid-crystalline flexible polymers for which a difference between two forces for two different temperatures increases with the system elongation. 19 For elongated PLCs for some combinations of the model parameters that difference can vanish with the system elongation. Hence, we predict a possibility of an essential modification of the PLC mechanical properties via the LC length and concentration. Since the LC length is measured in the Kuhn segment length units, it can vary as a function of chemical and physical structures of the F spacers.
For a full description of the system properties we need values of the characteristic temperature T*. The elongation force reduced by temperature is parametrized by T*. Hence the elongation force-temperature measurements fitted to theoretical result can provide us with values of T*. This simple way to obtain T* gives us the complete description of the PLC system in terms of the orientational-deformation force parameters.
A somewhat similar to the PLC chain model as proposed here has been used for instance by Emsley and Luckhurst. 34 They consider the energy of PCϩF units using for PC the Maier-Saupe limit and for F in limit of intermolecular interactions. Then they assume that the PLC chain energy is a simple sum of energies of the PCϩF units. They do not use a condition which would constraint conformations to those belonging to the PLC chain. As a consequence, the parameter r does not appear in their theory.
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